Abstract. With the rapid development of energy internet, the marketization of power transaction has further been promoted with higher transaction efficiency, and the promotion and application of clean energy will be accelerated. As electricity market is a typical complex adaptive system, this paper first applies multi-agent system technology to establish the energy internet system, and then studies the electricity transaction model by considering carbon emission reduction as a decision-making factor. Moreover, the optimal selection strategies for power grids are further discussed to maximize the benefits the supply chain.
Introduction
With the continuous reform in electricity market and the rapid development of energy internet, the marketization of power transaction is irreversible. Power transaction will step in the stage of bilateral trade and multilateral trade from traditional unilateral trade. In the major energy provinces such as Inner Mongolia, Yunnan and Guangdong, various trial multilateral trade and bilateral negotiation are adopted and implemented in power transactions. In order to encourage and increase the consumption of clean energy, the local governments allow large users to sign forward long-term direct purchase agreements with power plants, and that is greatly improving the transaction efficiency in electricity market.
In the early stage of market-oriented electricity reform, long-term contractual transactions were the most important form in power transactions. According to the different number of transactions, power transactions can be divided into wholesale transactions and retail transactions. The ultimate ideal market is to achieve the liberalization of the electricity market, and market participants have more transaction options and partners to choose. All power plants equally compete in the power wholesale market and can freely trade with the power grid side.
Due to the fact that electricity cannot be stored on a large scale and power transmission has the characteristics of instantaneity, the commercial transaction mode currently used in China for medium and long-term electricity consumption. Although the transaction mode has improved the efficiency of resource allocation to a certain extent, it still fails to achieve an effective balance between power supply and demand, and further results in the waste of resources in a certain degree and also limits the improvement of market allocation efficiency.
Agent is a software entity with adaptability and intelligence. Agent runs in a dynamic environment with environmental awareness, inference planning ability and autonomous learning abilities. Multi-agent system is composed of two or more interacting agents with each other. Each agent in the multi-agent system completes its homework, or cooperates with each other to achieve their respective predetermined goals and to maximize their respective utility. The society of multi-agent system balances the local goals with the overall goals by mainly formulating the common behavior rules. Compared with single agent, multi-agent system possesses social, autonomy and cooperative characteristics.
Multi-agent system is the effective approach for complex economic systems with the autonomous, interactive and active learning characteristics. Electricity market is a typical complex adaptive system. In the power transactions market, each participant has to formulate and adjust strategies according to its own goals to adapt the free competitive market environment.
Structure of Energy Internet System
The energy internet is made up of micro-grids, where the energy enables to be "produced locally, stored locally, and used locally." The micro-grid integrates both energy production and consumption, plays the roles of power supplier and power plant as required respectively, and implements trades in the electricity market under the coordination of the smart distribution network. Although micro-grid operation has both grid and island states, this study only discusses transactions of micro-grids in the grid operation state.
In the energy Internet system, each market participant is defined as an agent (namely micro-grid) with autonomous learning and decision-making abilities. Each micro-grid system includes manager agents, coordination agents and executive agents. The manager agent is responsible for the choice of object, method and risk preference for the transaction, as well as the formulation of competitive strategy and target. The coordinator agent is responsible for monitoring the completion of sub-goals, real-time task feedback and information communication, and further coordinating the achievement of the systemic overall goal. The executive agent is responsible for the task implementation issued by the coordinating agent, collection and storage for the initial sub-task data, data preprocessing, and real-time feedback to the coordination agent.
Energy Internet System Negotiation Process
With the demand selectivity, micro-grids can find potential trading partners to maximize benefits according to their own needs, risk preference and interests. They can implement comprehensive evaluation according to certain assessment system and negotiate with possible partners based on the evaluation results. The negotiation processes for energy internet system are as follows, as shown in Figure 1 . (1) The power grid as the center enterprise will first send electricity demand, the bidding project and deadline to each power plant through smart distribution network.
(2) The manager agent will scour and sort the possible partners according to the systemic analysis, and endow different weights for partners and accept the quotations from the power plants.
(3) According to the result of comprehensive evaluation, the power grid will negotiate with them based on the strategy to maximize its own benefits.
(4) If the negotiation succeeds, the transaction would be dealt with. If the negotiation fails, the power grid would reselect new transaction objects.
(5) When the power grid is not satisfied for the quotations from power plants, the power plants can choose and modify the requirements to start a new round of negotiation.
(6) After the negotiation is successfully completed, power plants will upload the transaction power with maximum load to the smart distribution network, and the smart distribution network will carry out safety audit and schedule transaction contract.
Energy Internet System Coordination Strategy
Model Building Hypothesis 1: The energy internet system is assumed consists of a micro-grid agent, a fossil energy power plant and a power grid agent. The micro-grid agent can sell the remaining electricity after meeting its own electricity demand. The production cost of the power plants is ( ), namely it is a function of generated electricity .
Micro-grid users include both producers and consumers in the electricity market. This paper assumes that micro-grid would firstly meet their own needs and then sell the surplus power, and the electricity in micro-grid is indifferent with that from fossil energy power plants. The transactions between micro-grids would not be considered in this paper.
Proposition 1: Based on the microeconomics theory, the cost of production and operation for power plant can be expressed by the function as follows:
and the cost for CO 2 emission can be expressed by
(2) where and represent the curvature and slope of the cost curve, is a fixed cost, is the active power of power plants, and is the ratio of CO 2 emissions per unit of electricity. The cost coefficient for each power plant is defined as ， and , respectively, which are real numbers. Because electricity generated from micro-grid is representative a clean energy with less carbon emissions and mainly meeting itself consumption, the carbon tax is charged by the base levied of electricity sold. The average cost of power plants can be expressed by the function as follows (for convenience of calculation, only operating costs and CO 2 emission costs are considered):
Proposition 2: The quotation of unit energy for the power plant is the proportional function with its average generation cost . That is,
St: > 1 < < (4) Since power plants must obtain benefits to ensure its healthy and orderly operation in the electricity market, should be more than 1 and is dispersed in a certain range of values. The power grid is responsible for making final decisions on the values of for each power grid.
Proposition 3:
In an equilibrium electricity market, the power market demand function can be expressed as follows:
(5) where ( ) is the total demand for electricity with a linear decline characteristics can be expressed as, D(P S ) = D 0 − k s p s (6) where 0 is the predicted demand of end-users by the power grid, is the price elasticity, reflecting the price fluctuation caused by demand changes, and is the market price. We would assume that the grid revenue only from the sale of electricity, and the market price can be expressed as = + ∆ , where is the purchase price , and ∆ represents the market price fluctuations.
Coordination Strategy Hypothesis 2:
In the model we assume that the power grid could negotiate the transaction with multiple power plants. Due to its autonomous learning characteristics, the manager agent will re-select trading partners according to the negotiation results and assign new probability values to optimize negotiation.
When the power grid chooses transaction objects, it often refers to its geographical location, pricing, business reputation, after-sales service. Because the price is the decisive factor for both buyers and sellers in the transaction, we only considered the price factor to affect the expected profit.
Proposition 4: The expected revenue for the power grid can be expressed as function: 
where is the expected return function of power grid, and is the transaction price for power grid and power plant. 
Because power grid is responsible for determining the purchase price according to electricity market and the power plant will determine the optimal output according to the purchase price, there is 
The optimal profit function for the power plant can be expressed as follows:
Calculation Analysis of Sample
The parameters of the cost function coefficient, the output upper limit and the CO 2 emission rate per unit are, as shown in table 1 and Figure 2 . There the predicted demand for power grid is 0 = 1500 , with market price = 600RMB/MW and price elasticity = 0.8 under different quotation coefficient conditions. The micro-grid power purchase price and fossil energy power purchase price are as shown in Figure 2 . The power grid selects and evaluates power plants by the manager agent according to their preferences. The power plant with low price will first negotiate successfully in the negotiation.
The calculation results as shown in Table 2 indicate that micro-grids (representing clean energy power plants) with low production cost and better emission reduction has higher competitiveness in the freely competitive electricity market, and there are more potential demands for clean energy. 
Conclusions
The common goal for participants in the market is to maximize their own expected profit. Based on the multi-agent grid system established for the energy internet system, this paper focuses on the electricity transaction model by considering carbon emission reduction as a decision-making factor, and further analyzes the strategy for power grids and its influences for electricity supply chain in order to maximize supply chain benefits. Although the problem of information asymmetry has always existed, energy internet has accelerated the information transparent in electricity market. Nevertheless, this paper only discusses the non-cooperative game for power plants under incomplete information. In fact, during a long-term game it is entirely possible for each power plant to have a cooperative game in order to maximize its own interests which is the next work for this study.
